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ABSTRACT
Yukawa-like R-parity violating (RPV) couplings are generated as effective op-
erators with a typical strength of O(10−3) through loops involving the scalars,
the gauginos and the soft supersymmetry breaking RPV interactions. Neu-
trino masses and other phenomenological implications of such a scenario are
discussed.
1. Introduction
In general, the SUSY Lagrangian can have Yukawa-like trilinear R-parity violating
interactions [1] with a strength of O(1). However, strong constraints have been derived
on these couplings from various experimental searches which suggest that as long as the
masses of the superpartners are in the range of a TeV or less then these RPV couplings
should be much smaller than O(1). In this talk I describe a scenario of generating RPV
violating Yukawa-like effective operators, whose structures are similar to the ones conven-
tionally parametrized by λ, λ′ and λ′′ in the superpotential but with a strength typically
much less than O(1) [2]. We start with the assumption that the superpotential conserves
R-parity and that RPV is introduced in the SUSY Lagrangian through the “soft” trilinear
scalar operators which break supersymmetry. These soft scalar trilinear RPV operators
cannot renormalize the Yukawa-like RPV operators and keep the latter zero at all scales.
However, such a non-vanishing low-energy RPV soft operator can generate an effective
Yukawa-like RPV interaction at the one-loop level involving the soft interaction and the
gauginos and the scalars which run in the loop. This way one expects that in general
these effective RPV interactions will show additional patterns (compared to the λ, λ′ and
λ′′ ones) due to their explicit dependence on the particles running in the loops.
2. R-parity violating effective operators
Let us assume for the purpose of illustration that R-parity is violated in the Lagrangian
only through the pure leptonic (lepton number violating) soft SUSY breaking operators:
∆V softRP ,L/ = ǫab
1
2
aijkL˜
a
i L˜
b
jE˜
c
k + h.c. , (1)
where L˜(E˜c) are the scalar components of the leptonic SU(2) doublet(charged singlet)
supermultiplets Lˆ(Eˆc), respectively, L˜ = (ν˜L, e˜L) and E˜
c = e˜R. Also, aijk = −ajik, due to
the SU(2) indices a, b.
This means that in our framework the superpotential conserves RP . For example,
there is no such term like ǫabλijkLˆ
a
i Lˆ
b
jEˆ
c
k/2 in the superpotential.
gaugino
a
l
ll
ll
~
~~
Figure 1: A typical one-loop diagram generating an effective λ-like operator. ℓ˜ is either a charged slepton
or a sneutrino and ℓ is a lepton or a neutrino. a is the trilinear soft breaking coupling defined in (1).
We define the effective RPV terms which are generated at one-loop through the soft
operator in (1) via diagrams of the type shown in Fig. 1 as follows:
LeffRP ≡
1
2
(
aijk
16π2
)
[ν˜Lie¯k (AL,ijkL+ AR,ijkR) ej + BL,ijkν˜Liν¯kLνj
+CL,ijke˜Lj e¯kLνi +DL,ijke˜Rkν¯
c
iLej − (i→ j)] + h.c., (2)
where i, j, k are generation indices and L(R) ≡ (1− (+)γ5)/2 are the chirality projection
operators.
We find that BL,ijk ∝ mν , i.e., no ν˜ν¯ν term in the limit of zero neutrino masses.
Also, AR,ijk ≪ AL,ijk since AR,ijk is proportional to the leptonic Yukawa couplings and
we neglect them. The expressions for the remaining form factors AL,ijk, CL,ijk and DL,ijk
can be found in Ref. [2].
In order to realize this scenario, let us suppose that SUSY breaking occurs spon-
taneously in a hidden sector at the scale Λ ∼ 1010 − 1011 GeV, described by the RP -
conserving superpotential:
W = m12Φˆ1Φˆ2 + gΦˆ3
(
Φˆ22 −M
2
)
, (3)
where m12 ∼ M ∼ Λ and under RP , Φˆ1, Φˆ2, Φˆ3 → −Φˆ1,−Φˆ2, Φˆ3. SUSY breaking is
triggered by the vacuum expectation values (VEV’s) of the auxiliary F-term (FΦi) of
Φˆ1, Φˆ2, Φˆ3. Supergravity mediation of SUSY breaking can then be parametrized by the
following RP -conserving superpotential [2]:
1
MP l
∫
d2θ
[
Φˆ1LˆLˆEˆ
c + Φˆ2LˆLˆEˆ
c
]
+ h.c. , (4)
which will spontaneously break RP and induce the soft operator in (1) with a ∼ mW . The
superpotential in (4) will also generate the operators ∝ λ with an extremely suppressed
coupling: λ ∼ 10−9 − 10−8 at the high scale, essentially causing the soft operator in (1)
to be the only source for RPV in this model.
One should also note that the lepton number violating soft bilinear term BiL˜iHu
will be radiatively (one-loop) generated [2] by the non-zero soft trilinear a term in (1).
In the leading log and in the limit of vanishing λ and µi (bilinear RPV terms in the
superpotential),
Bi(MZ) ∼ −
1
16π2
hτ (MZ)µ(MZ)ai33(MZ) ln
(
M2P l
M2Z
)
(5)
where hτ is the τ Yukawa coupling and µ is the Higgsino mass parameter (µHˆuHˆd).
R-parity violation only by soft terms has also been discussed recently in Ref. [3].
3. Some numerical results
Table 1: Values for the effective RPV form factors AL,ijk, CL,ijk and DL,ijk within the Snowmass 2001
benchmark points SPS1, SPS2, SPS4 and SPS5 of the mSUGRA parameter space. Taken from Ref. [2].
Effective form factor SPS1 SPS2 SPS4 SPS5
(GeV−1)
|AL,ijk| × 10
4 3.5− 3.6 0.08 0.8− 1.3 2.5− 2.6
|CL,ijk| × 10
4 3.4− 3.5 0.08 0.7− 1.1 2.5− 2.6
|DL,ijk| × 10
4 6.8 0.3 2.0− 2.6 5.2− 5.3
In Table 1 we give a sample of our numerical results for the three effective RPV form
factors, corresponding to the “Snowmass 2001” benchmark points SPS1, SPS2, SPS4 and
SPS5 of the mSUGRA scenario [2]. We see that the SPS1 and SPS5 scenarios give the
largest effective couplings, of the order of 10−4 − 10−3 if aijk ∼ 16π
2 GeV ∼ 150 GeV.
The existing upper bounds [1] on λijk are larger than the expected values of our effective
couplings if aijk is of the order of the electroweak mass scale.
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Figure 2: Momentum dependence of the form factor |AL(q
2)| for two different values of the scalar masses
(m0) in the loop. All masses are in GeV.
One should also note that the form factors are momentum dependent. In Fig.2, we
have shown the momentum (q) dependence of the form factor |AL(q
2)|. From this figure
we see a large enhancement at a value of q where the sleptons inside the loop can be
produced on-shell. This is one of the very interesting features of this scenario and could
possibly be tested, for example, by the process e+e− → τ+τ− through an s-channel ν˜µ
exchange. If such an enhancement is observed in e+e− → τ+τ−, then one should also
be able to detect the on-shell production of a pair of sleptons that run in the loop, i.e.,
e+e− → l˜ l˜.
Another interesting way to test this scenario is to look at the ratio of the two partial
decay widths Γ(ν˜τ → µ
+µ−) and Γ(µ˜−L → ν¯τµ
−). In our scenario this ratio is given by
(neglecting the lepton mass)
Γ(ν˜τ → µ
+µ−)
Γ(µ˜−L → ν¯τµ
−)
= (mν˜τ/mµ˜L)
|AL,322|
2
|CL,322|2
, (6)
whereas for the conventional tree level RPV λ-type coupling this ratio is given bymν˜τ/mµ˜L .
The measurement of this ratio of the two partial decay widths as a function of the mass
ratio mν˜τ/mµ˜L can help us understand the underlying scenario.
Let us now briefly discuss the generation of neutrino mass in our model. The soft
RPV a-term in (1) gives rise to a neutrino mass only at the two-loop level (see [4]), or
equivalently, as an effective “tree-level” neutrino mass which is generated by the sneutrino
VEVs (vi) and is ∝ v
2
i . Since vi ∝ Bi/MSUSY [5] and in our model Bi is a one-loop quan-
tity, clearly this also is essentially a two-loop effect. Similarly, “one-loop” neutrino masses
involving two vertices of our effective λs are infact coming from three-loop diagrams.
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